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INTRODUCTION 


The  X-ray  studies  reported  In  the  last  Interim  Technical  Report1 

assessed  quantitatively  lattice  defects  induced  by  stress  corrosion  (SC) 

in  304  stainless  steel.  These  studies  were  continued,  and  the  scope  of 

the  investigations  was  also  extended  to  Include  studies  of  corrosion 

fatigue  (CF)  of  2024  aluminum  alloys. 

Based  on  the  results  of  the  previous  SC  studies  and  motivated  also 

2-4 

by  the  results  of  parallel  fatigue  studies  of  aluminum  alloys,  it 

* 

appears  that  there  exists  a  critical  excess  dislocation  density,  p  , 

above  which  structural  failure  sets  in.  This  critical  value  can  be 

assessed  from  measurements  of  the  buildup  of  the  excess  dislocation 

densities  in  the  surface  layer  and  bulk  of  the  material.  It  was  shown 

that  such  measurements  can  be  effectively  obtained  if  X-ray  rocking  curve 

measurements  of  the  grain  population  have  been  carried  out.  From  the 

3  half-width  of  the  rocking  curve  values,  measured  for  various  grain 

reflections,  a  statistical  parameter  3  was  derived  that  was  representative 

of  the  entire  grain  population  for  the  particular  stage  of  deformation  to 

which  the  specimen  was  subjected.  The  results  of  the  studies  suggest 

that  there  exists  a  critics'  half-width  value,  3  ,  which  corresponds  to 

*  -* 

the  critical  excess  dislocation  density  o  .  Therefore,  3  may  be  viewed 
as  a  critical  parameter  that  characterizes  the  limit  of  integrity  of  the 
microstructure.  Consequently ,  if  3  can  be  predicted  from  8  measurements, 
the  remaining  life  of  the  specimen  can  be  forecast  on  the  basis  of  the 
nondestructive  X-ray  measurements. 

It  was  shown  that  in  order  to  assess  S  unequivocally,  the  buildup 
of  excess  dislocation  densities  must  be  probed  in  the  bulk  of  the  material 

that  is,  in  specimen  regions  lying  beyond  the  quickly  hardened  surface 

1-4  — * 

layer.  Therefore,  the  current  studies  focused  on  the  attainment  of  3 

in  SC  and  CF  studies,  and  on  Improvement  and  automation  of  experimental 

techniques  so  that  3  measurements  can  be  performed  with  speed,  viable  for 

ultimate  technological  application.  In  addition,  a  special  effort  was 

made  to  elucidate  the  surface  topography  of  the  analyzed  grains  by  X-ray 


topography,  so  as  to  establish  a  bridge  between  the  X-ray  measurements 
and  optical  and  electron  microscopy  studies  of  the  grains  by  TQ4  and  SOI. 

EXPERIMENTAL  PROCEDURE 

Specimen  Preparation,  Corrosion  Media  and  Testing 

The  austenitic  stainless  steel  was  304  commercial  grade  with  composi¬ 
tion  Fe-18Cr-8Nl-2Mn-lSi-0.8C.  All  alloys  were  received  in  sheet  form, 
and  pin- loading  tensile  specimens  were  cut  wltn  the  long  axis  parallel  to 
the  rolling  direction.  The  selected  specimen  dimensions  adhered  to  the 
ASTM  recommendations  ( ASTM  Standards,  Part  31,  A-370),  with  gage  dimensions 
1.1"  x  0.05"  x  0.25".  Each  specimen  was  heat-treated  prior  to  SC  testing, 
to  stress-relieve  the  specimens  and  to  obtain  a  uniform  grain  size  of 
20-100  urn  diameter  suitable  for  the  subsequent  X-ray  diffraction  analysis. 
Specimens  were  placed  in  evacuated  quartz  ampoules  to  prevent  oxidation. 

The  specimens  were  heat-treated  at  1100*C  for  0.5  hour  followed  by  water 
quench.  Subsequently,  the  specimens  were  electrolytlcally  polished.  To 
prevent  oxidation  and  contaadnatlon  effects,  a  surface  of  at  least  100  urn 
was  removed.  Care  was  taken  to  obtain  flat  surfaces  to  satisfy  subsequent 
testing  and  characterization  procedures.  Electropolishing  was  also  applied 
for  the  ln-depth  analysis  of  deformation  induced  by  SC  and  CP.  The  co  -slve 
medium  for  austenitic  stainless  steel  was  boiling  MgCl^-H^O  solution  at 
154 *C.^  The  corrosive  medlvn  for  the  2024-T4  alloy  tested  In  tension- 
tension  was  a  3.5*  NaCl  solution.  The  SC  tests  were  carried  out  at 
constant  tensile  load  using  the  testing  machines  and  testing  procedures 
previously  reported.^ 

for  CP,  an  apparatus  was  constructed  with  a  container  for  the  corrosive 
medlia  which  was  made  out  of  noncorrosive  plastic.  Special  grips  were  made 
of  MC  nylon  and  the  plna  were  made  of  stainless  steel,  covered  with  polylmlde, 
to  avoid  any  generation  of  current  between  grips  and  specimen  during  testing. 


RESULTS 


Defect  Structure  In  Surface  Layer  and  Bulk  Induced  by  Stress 
Corrosion,  Fatigue  and  Corrosion  Fatigue 

A  tens  ion- tens  Ion  fatigue  experlaent  of  A1  2014-T4  was  carried  out 
as  control  experlaent  In  a  CF  study.  Rocking  curves  or  the  grain  popula¬ 
tion  were  obtained,  and  the  ratio  of  the  average  half-width  over  the 
Intrinsic  half-width,  8/6^,  was  studied  as  a  function  of  depth  distance 
from  the  surface  for  various  fractions  of  the  life.  This  dependence  Is 
shewn  in  Figure  1.  An  analogous  experiment  was  performed  for  304  stainless 
steel,  subjected  to  SC  when  rocking  curve  measurements  were  carried  out 
as  a  function  of  depth  distance  from  the  surface  for  various  fractions  of 
corrosion  time.  This  dependence  Is  shown  In  Figure  2.  Here,  the  dependence 
on  corrosion  time  is  expressed  in  terms  of  the  ratio  t/tc,  where  tc  signifies 
the  critical  time  associated  with  the  macroscopic  mechanical  Instability 
of  the  structure. 

Inspection  of  Figures  1  and  2  reveals  some  remarkable  features  that 

are  coesaon  to  both  stress  corrosion  and  metal  fatigue.  It  will  be  noteu 

that  In  both  cases  the  surface  lever  exhibits  much  larger  3/8  values  than 

o 

the  bulk,  and  hence  the  density  of  excess  dislocations  at  the  surface  Is 

much  greater  than  that  of  the  bulk.  Moreover,  with  Increased  cycling  or 

corrosion  time,  the  excess  dislocation  density  In  the  surface  layer  quickly 

approaches  saturation,  while  the  buildup  In  the  bulk  takes  place  much  more 

gradually.  In  both  cases  there  exists  a  gradient  of  excess  dislocation 

density  from  surface  to  bulk  that  Is  much  steeper  In  the  case  of  SC. 

However,  In  metal  fatigue  there  exists  a  characteristic  minimum  In  the 

2-4 

gradient  that  has  also  been  observed  In  tension-compression  fatigue  and 
which  is  entirely  absent  In  SC.  This  minimum  is  associated  with  a 
dynamical  recovery  effect. 

The  tendency  for  saturation  of  the  excess  dislocation  density  In  the 
surface  layer  was  also  evident  In  CF.  Figure  3  shows  the  dependence  of 

as  a  function  of  fatigue  life.  The  data  were  obtained  from  measurements 
with  Cu  Irradiation  which,  due  to  its  limiting  penetration  power,  probed 
essentially  the  defect  structure  Induced  In  the  surface  layer. 
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Figure  2.  Dependence  of  8/ B0  on  depth  distance  from  surface, 
x  (ua),  for  various  stages  of  SC  of  304  stainless  steel. 
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Accrued  Damage  and  Crack  Propagation  in  SC 


It  Is  apparent  from  Figures  1  and  2  that  in  order  to  assess  the  accrued 

damage  in  the  material,  it  would  be  desirable  to  apply  an  X-ray  beam  that 

would  be  capable  of  penetrating  at  least  partially  beyond  the  quickly  work- 
hardened  surface  layer.  Consequently,  for  greater  depth  penetration  in 
the  measurements,  molybdenum  radiation  was  employed.  Furthermore,  it 
was  felt  that  some  of  the  great  precision  currently  attained  from  the  use 
of  X-ray  double-crystal  dif fractometry  could  be  traded  for  greater  speed 
and  wider  range  of  sampling  by  carrying  out  conventional  diffractometer 
measurements.  Such  measurements  were  carried  out,  and  the  increase  of 

the  half-width  value  3  of  the  (220)  line  as  a  function  of  normalized  SC 

—  —  2  —  1/2  — 

time  t/t,  is  shown  in  Figure  4.  8  la  defined  bv  (8  -8  )  ,  where  8 

r  in  o  in 

and  3q  are  the  measured  line  widths  at  half  of  the  peak  intensity  for 
t/tj  and  tQ,  respectively. 

It  is  interesting  to  note  that  the  curve  of  Figure  4  ascends  steeply 

up  to  the  3  value,  denoted  by  VC.  At  this  value  of  t/t^  •  0.45,  visible 

cracks  have  developed,  as  shown  in  Figure  5a.  Metallographic  studies 

showed  that  from  this  value  on  (which  mav  be  denoted  conveniently  as  t  ), 

cr 

up  to  t/tj  •  1.0,  the  life  was  controlled  by  crack  propagation  (Fig.  5b) 
without  anv  appreciable  concomitant  line  broadening.  The  terminal,  steep 
ascent  of  t.  curve,  shown  by  the  dotted  line  starting  from  the  point  IT 
(initiation  of  tearing),  is  actually  unrelated  to  the  mechanism  of  SC  per 
se.  It  is  a  manifestation  of  the  catastrophic  breakdown  of  the  structure 
due  to  tearing. 

Focusing  our  attention  on  the  rise  of  8  up  to  t  (corresponding  to 

cr 

8  “  4.93,  t  ■  t/tf  *  0.45),  we  may  interpret  this  rise  to  result  from 
the  barrier  effect  of  the  quickly  hardened  surface  layer,  which  impeded 
the  egression  of  dislocations  and  microcracks  developed  in  the  bulk.  Once 
this  barrier  effect  is  broken  by  the  development  of  a  major  propagating 
crack,  no  further  hardening  of  the  surface  layer  occurs  and  the  increase 

of  line  broadening  virtually  stops.  Consequently,  the  8  value  corresponding 

—a 

to  VC  represents  a  critical  value,  3  ,  and  the  corresponding  lifetime, 

therefore,  is  also  denoted  as  t 

*  cr 
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Perhaps  one  of  the  most  cogent  reasons  why  the  line  broadening  study 
by  the  conventional  diffractometer  method  was  undertaken  was  the  fact  that 
the  results  obtained  by  the  rocking  curve  measurements  of  the  grains  could 
be  checked  by  an  independent  X-ray  method,  namely  the  Warren-Averbach 
Fourier  analysis  of  the  life  profiles.^ 

The  rocking  curve  studies  have  shown  that  the  surface  layer  has  a 
special  propensity  over  the  bulk  material  for  work  hardening  (Figs.  1  and 
2).  Through  the  aid  of  X-ray  topography,  it  was  shown  that  this  work 
hardening  is  characterized  by  a  breakup  of  the  lattice  into  small,  misaligned 
domains,  and  that  these  domains  are  separated  from  each  other  by  regions 
in  which  the  dislocation  density  is  considerably  larger  than  in  the  interior 
of  these  domains.  The  misalignment  of  domains  is  brought  about  by  excess 
dislocations  of  one  sign,  and  since  rocking  curves  measure  lattice  misalign¬ 
ment,  they  can  measure  densitv  of  excess  dislocations. 

The  Fourier  analvsis  of  the  line  profiles  can  lead  to  similar  information. 
One  obtains  the  average  si2e  of  the  coherently  reflecting  domains  (particle 

size)  D,  and  also  information  about  the  root-mean-square  lattice  strain 
2  1/2 

<e  .  Of  particular  Interest  in  this  comparative  studv  was  the 

question  to  be  answered:  What  is  the  relative  contribution  of  particle 

size  and  lattice  strain  to  the  line  broadening  effect  in  SC? 

The  line  profiles  of  the  (220)  and  (440)  reflections  of  a  specimen 

subjected  to  SC  for  t/ t t  "0.1  were  used  as  input  data  for  the  Fourier 

analvsis.  Referring  to  Figure  4,  this  analysis  pertains  to  the  steep  ascent 

for  the  curve  B  vs  t/t,.  Because  the  K  doublet  of  the  lines  was  not  well 

f  i 

separated,  first  the  Rachinger  correction  for  the  doublet  separation  was 
6 

performed.  A  plot  of  the  corrected  Fourier  coefficients  vs  the  column 

length,  L,  in  a  given  crystallographic  direction  is  shown  in  Figure  6a. 

The  extrapolation  of  the  linear  part  of  the  plot  gave  an  average  particle 

—  2  1/2 

size,  D  •  410  A.  The  plot  of  <e  .>  vs  L  is  shown  in  Figure  6b.  It 

2  1/2 

will  be  noted  that  the  maximum  value  of  was  5.2  x  10 

In  view  of  the  small  strain  value  obtained,  it  is  evident  that  the 
greatest  contribution  to  the  line  broadening  effect  in  SC  derived  from 
the  fragmentation  into  small  particles.  These  results,  therefore,  support 
the  findings  based  on  the  measurements  of  the  rocking  curves.  Cohen'  has 


—  2  1/2 

utilized  the  values  of  D  and  <£  to  calculate  dislocation  densities. 

For  the  total  dislocation  density  surrounding  the  particles,  p  -  1/D~,  one 

10  2  U 

obtains  the  value  S.9  x  10  dislocations  per  ca  .  For  the  total  dislocation 

2  1/2  9 

density  due  to  lattice  strains,  p^  •  12  <c  /b,  the  value  5.4  x  10 

dislocations  per  ca*  was  obtained.  The  latter  value  is  smaller  by  one 
order  of  aagnitude. 


Identification  and  Topography  of  Grains  Analyzed  for  Their 
Defect  Structure  and  SC  Specificity 

It  has  been  shown  previously*  that  because  of  the  low  stress  applied 

In  SC  experiments,  excessive  grain  rotation  was  avoided;  consequently, 

due  to  the  precise  repositioning  of  the  speclaen,  the  identical  grain 

reflections  could  be  retained.  Thus  the  lattice  defects  of  the  Identical 

grains  could  be  analyzed  both  as  a  function  of  fracture  tiae,  while  exposed 

to  conditions  of  SC,  and  of  depth  distance  froa  the  surface,  for  a  given 

t/t  . 
c 

Because  of  this  unique  feature  which  the  X-ray  double-crystal 
dif fractoaetry  offers,  naaely  that  those  grains  that  exhibit  pronounced 
susceptibility  to  SC  can  be  analyzed  selectively,  considerable  effort  was 
expended  to  combine  this  method  with  X-ray  reflection  topography.  The 
purpose  of  developing  the  capability  of  identifying  and  locating  the  sites 
of  the  analyzed  grains  on  the  speclaen  surface  was  to  establish  a  link 
with  other  important  methods  of  topographic  grain  analysis,  naaely  optical 
metallography,  7TM  and  SEM . 

Figures  7a  and  7b  show  the  metallograph  and  X-rav  reflection  micrograph, 
respectively,  of  an  annealed  304  stainless  steel  sample.  The  Identity  of 
a  few  grains  is  given  by  numbers.  The  Individual  reflection  Images  can 
be  traced  outward  in  space  by  recording  the  images  photographically  at 
increasing  distances  froa  the  specimen  surface.  By  means  of  this  tracing 
technique,  there  is  established  a  direct  correlation  between  the  spot 
reflections  on  the  Debve-Scherrer  lines  and  the  crystallites  on  the  speclaen 
surface  giving  rise  to  these  reflections.  Figures  8a  and  8b  show  the 
spatial  tracing  of  the  grain  reflections  of  7b.  Selected  reflection 
micrographs  at  distances  of  2.3  and  27.3  on  froa  the  speclaen  surface  are 

/ 
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(b) 


Figure  8.  Outward  tracing  of  reflection  laagea  of  Figure  7b. 

(a)  2.5  ns  froa  speclaen  surface,  (b)  27.5  ob  froa  specimen  surface 
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shown.  For  che  sake  of  clarity,  only  three  Image  reflections,  marked  by 
numbers  1,  2  and  3,  are  shown.  It  is  perhaps  worthwhile  noting  that,  due 
to  different  crystal  orientation.  Usages  that  appeared  in  topographic 
proximity  at  che  surface  ended  up  at  different  (hkl)  reflections  on  the 
clrcvasference  of  che  Debve-Scherrer  camera  (compare  Fig.  7b  to  9a).  Once 
che  correlation  of  che  grain  reflection  was  established  at  the  Debve- 
Scherrer  arc,  the  rocking  curve  analysis  was  performed^  by  angular 
specimen  rotation  and  discrete  film  shift,  as  shown  in  Figures  9a  and  9b. 
Comparison  of  Figures  9a  and  9b  will  show  chat  as  a  result  of  SC  attack, 
only  specific  grain  reflections  showed  an  increase  in  the  rocking  curve 
half-width,  such  as  those  marked  bv  the  numbers  1,  2  and  3,  while  che 
rocking  curves  of  other  grains  remained  Invariant.  For  the  grains  1,  2 
and  3,  3  was  about  14’  in  the  annealed  state  and  Increased  to  about  20’ 
after  the  alloy  was  subjected  to  SC  for  75!  of  its  lifetime.  (Compare 
che  enlarged  rocking  curve  details  of  annealed  grain  3  In  Figure  9c  with 
those  after  SC  In  Figure  9d.)  Thus,  In  analvzlng  che  defect  structure 
of  che  grains  In  slow,  creeping  SC  attack,  che  method  proved  to  be  capable 
of  specific  selectivity. 

ADVANCES  IN  DATA  COLLECTION  BY  AUTOMATION  AND 
POSITION-SENSITIVE  DETECTORS 

Although  the  X-ray  double-crystal  diffractometer  analysis  yields 
precise  quantitative  information  on  che  excess  dislocation  density  of  the 
reflecting  grains,  the  collection  of  the  intensity  data,  recorded  on  the 
photographic  film  as  a  function  of  specimen  rotation,  is  admittedly  somewhat 
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time-consuming.  Typically  each  exposure  of  an  array  of  spots,  such  as 
those  shown  in  Figure  9,  may  take  30  minutes.  An  array  of  spots,  represent¬ 
ing  the  rocking  curve  of  a  grain,  may  consist  of  about  20  spots,  so  that 
the  total  time  of  exposure  may  extend  to  10  hours.  Subsequently,  the 
recorded  spot  intensities  are  either  visually  estimated  with  the  aid  of 
a  multiple-exposed  film  pack  or,  if  a  higher  degree  of  precision  i r. 
desired,  they  are  analyzed  by  a  microdensitometer.  The  latter  operation 
is  particularly  time-consuming. 


Figure  9.  Detail  of  multiple-exposure  diagram  of  304  atalnlesa 
steal.  Array  of  spots  repraaanta  samplings  of  the  rocking  curve 


Two  significant  advances  in  data  collection  have  been  made  recently. 

One  advance  resulted  from  the  automation  of  the  X-ray  double-crystal 
diffractometer.  This  development  made  it  possible  to  program  the  specimen 
rotation  and  film  shift  as  desired,  and  carry  out  the  program  automatically 
with  considerable  reduction  of  time  and  effort.  The  layout  of  the  automated 
double-crystal  diffractometer  for  polycrystalline  materials  is  shown  in 
Figure  10. 

However,  by  far  the  most  significant  advance  was  made  by  applying  a 
position-sensitive  detector  to  Che  recording  of  the  individual  spot  reflec¬ 
tions.  Preliminary  experiments  show  chat  by  means  of  this  innovation,  the 
total  data  collection  time  for  measuring  the  rocking  curves  of  the  grains 
with  their  intensity  distribution  has  been  reduced  to  about  30  minutes. 
Figures  11  and  12  may  serve  to  illustrate  the  remarkable  results  obtained. 
The  stainless  steel  specimen  waa  irradiated  with  crvstal-monochromated 
Mo  radiation  and  che  (111)  reflections  of  the  grains  were  recorded  bv 
the  position-sensitive  detector  (Tennelec  Model  PSD110) .  The  detector 
had  to  be  placed  about  IS  cm  from  the  specimen  surface,  with  its  wire 
section  parallel  to  che  (111)  Debye-Scherrcr  arc.  This  direction  is  denoted 
in  Figure  11  as  che  y-dlrectlon.  The  position  of  the  beams  reflected  from 
che  grains  was  analyzed  by  che  electronic  registering  unit  (Tennelec 
PSD1100),  and  Che  position  and  the  Intensity  contribution  were  displayed 
via  the  multichannel  analyzer  on  the  oscilloscope  (Norther  TN-1705) .  The 
oscilloscope  display  is  depicted  in  Figure  11,  where  the  peaks  above  the 
background  represent  the  individual  grain  reflections,  some  of  which  are 
denoted  by  letters. 

The  specimen  was  rotated  In  intervals  of  3'  of  arc,  and  the  discrete 
angular  rotation  positions  are  shown  In  Figure  11.  It  will  be  noted  that 
the  peak  variations  as  a  function  of  specimen  rotation  represent  rocking 
curves  of  che  grains.  For  example,  grain  D  started  its  rocking  curve  at 
angular  position  3',  reached  Its  peak  at  about  position  12'  and  terminated 
che  curve  at  position  21'.  Thus  the  total  reflecting  range  was  about  18' 
of  arc  and  the  3  value  was  about  8'  of  arc.  Figure  12  exhibits  in  greater 
detail  che  grain  reflections  corresponding  to  the  angular  rotation  position 
12',  obtained  by  extending  the  exposure  time  by  a  few  minutes. 


Figure  10.  Automated  double-crystal  diffractometer. 

1 .  X-Rav  tuba 

2.  Automatic  ahuttar 

3.  Collimator 

4.  Monocrystal  holder 
3.  Receiving  slit 

6.  Berg- Barrett  camera-film  holder 

7.  Specimen  holder  and  speclswn 

8.  Debye-Scherrer  camera-film  holder 

9.  Film  drive 

10.  Differential  micrometer  for  specimen  rotation 

11.  Micrometer  drive 

12.  Pover-tranamlttlng  gears 

13.  Stepping  motor 

14.  Exposure-time  controller 

15.  Stepping-motor  controller 


Figure  12.  Detail  of  the  grain  reflections  corresponding  to  the 
angular  rotation  portion  12’  in  Figure  11. 
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It  appears  almost  certain  that  the  total  time  of  collecting  rocking 
curve  data  for  a  representative  grain  population  can  be  reduced  to  a  few 
minutes  If  (a)  the  distance  between  specimen  and  position-sensitive  detector 
Is  shortened,  which  requires  modification  of  the  present  experimental 
arrangement;  (b)  the  registration  of  the  data  Is  interfaced  with  our  PDP  1134 
computer  for  storage  and  further  analysis. 

CONCLUSIONS 

The  X-ray  studies  of  304  austenitic  stainless  steel  subjected  to 
stress  corrosion  (SC)  and  Al  2024-T4  subjected  to  corrosion  fatigue  (CF) 
have  shown  that  the  surface  layer  exhibits  a  special  propensity  for 
deformation  when  compared  to  the  bulk  of  the  material.  An  analogous 
behavior  was  found  previously  In  tens  lie-deformed  silicon,  almlnum  and 
gold  single  crystals  and  In  fatigue-cycled  aluminum  single  crystals  and 
Al  2024-T3  alloy  specimens.^  The  deformed  surface  layer  Is  characterized 
by  a  decreasing  gradient  of  excess  dislocation  density  from  the  surface 
Into  the  bulk.  Whereas  the  gradient  In  the  corrosion-fatigued  aluminum 
alloy  extended  to  a  depth  of  75-100  urn,  the  gradient  In  the  SC  of  steel 
was  much  steeper,  declining  to  Its  lowest  value  at  about  10-25  un  from 
the  surface. 

As  In  the  cycled  Al  alloys,  the  depth  profile  analysis  of  steel 
showed  that  the  increase  of  excess  dislocation  density  of  the  surface 
laver  with  corrosion  time  was  also  accompanied  by  an  Increase  In  the 
bulk.  However,  while  the  Increase  In  the  surface  layer  reached  saturation 
rapidly,  that  In  the  bulk  proceeded  more  gradually. 

Whereas  the  penetration  power  of  molybdenia  radiation  for  aluminum 
alloys  Is  such  that  It  can  probe  the  excess  dislocation  density  In  a 
depth  region  of  150-200  urn,  which  Is  well  beyond  the  work-hardened  surface 
layer.  Its  penetration  power  is  limited  for  steel.  For  steel  subjected 
to  SC,  the  depth  penetration  of  molybdemai  radiation  extends  only  slightly 
beyond  the  deformed  surface  layer.  Tet  line  broadening  studies  with  this 
radiation  showed  that  In  the  surface  layer,  saturation  of  the  increase 
of  excess  dislocation  density  set  In  when  the  surface  layer  was  no  longer 
able  to  Impede  the  egression  of  dislocations  from  the  bulk  (Fig.  4). 
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At  this  critical  corrosion  time,  t  ,  cracks  became  visible  (Fig.  5a).  The 

cr 

saturation  level  of  excess  dislocation  density  in  the  surface  layer  is 

associated  with  a  critical  value  of  line  broadening  if  conventional  X-ray 

—a 

dif fractometry  is  used,  or  with  a  critical  rocking  curve  half-width  8  if 
the  more  precise  double-crystal  diffractometer  method  is  applied.  This 
value  may  be  regarded  as  a  parameter  defining  the  limit  of  the  integrity 
of  the  microstructure,  for  it  was  shown  that  with  increased  corrosion  time 
this  value  remained  invariant  (Fig.  4)  and  that  the  remainder  of  the 
corrosion  life  from  tcf  onward  was  taken  up  with  the  development  and 
propagation  of  a  large  failure  crack  (Fig.  5b). 

The  most  important  conclusion  that  emerged  from  this  study  appears  to 
be  the  universal  significance  of  8  ,  which  seems  to  be  the  decisive  parameter 
to  assess  the  accrued  damage  in  a  structure,  be  it  Induced  either  by  tensile 
deformation,  fatigue,  SC  or  CF.  8  can  be  obtained  experimentally  from 
careful  measurements  of  the  X-ray  rocking  curves  of  a  representative  grain 
population.  This  study  has  shown  that  the  most  promising  and  least  time- 
consuming  approach  for  efficient  data  collection  is  the  use  of  position- 
sensitive  detectors,  which  will  register  position  and  intensities  of  the 
grain  reflections  with  great  speed.  The  collected  data  are  then  sorted 
out,  stored  and  analyzed  via  a  multichannel  analyzer  and  interface  to  a 
computer.  If  a  lesser  degree  of  accuracy  in  collecting  data  is  acceptable, 
an  alternative  path  can  be  taken  by  performing  a  Fourier  analysis  of  the 
X-ray  line  profiles.  The  input  data  will  then  be  based  on  conventional 
diffractometer  measurements.  For  greater  speed,  position-sensitive 
detectors  may  be  extremely  helpful.  Both  experimental  approaches  are  being 
investigated  Intensively. 
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